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0 End labeled nuceotide probe. 



@ An oligo- or polynucleotide having at least one biotin directly or indirectly attached to each of the 5 and 3 
end nucleotides thereof and a nucleic acid hybridization assay system for use therewith. The biotins are 
optionally attached through linkage groups that do not interfer with hybridization. The biotins can further serve to 
attach a biotinylated polymer. 
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END LABELED NUCLEOTIDE PROBE 

BACKGROUND OF THE INVENTION 



1 . ) Field of the Invention 

This invention relates to signal generating systems for specific binding assays. More particularly, it 
relates to improvements in the labeling of nucleic acid hybridization assay probes with nonradioactive 
moieties, such as biotin and other known labeling moieties. 

2. ) Brief Description of the Prior Art 

Oligonucleotides, including oligodeoxynucleotides, (oligomers) are now widely used as probes for the 
detection of specific genes and other nucleic acid sequences. The most common method for the labeling of 
oligonucleotides has been the incorporation of the isotope ^P. While this approach is suitable for research 
purposes, the safety precautions required, together with the relatively short half life of 32 P have stimulated 
the search for effective, non-radioactive labeling methods. 

Among the variety of non-radioactive labels thus far reported, the vitamin biotin (and biotin analogues 
such as iminobiotin) has attracted considerable attention due to its high affinity binding with avidin and 
streptavidin, versatility, and ease of handling, in addition to the sensitivity of the detection systemsjjkwhich 
it is used. Biotinylated probes have been used for the sensitive colorimetric detection of target nucleic acid 
sequences on nitrocellulose filters, as shown in Leary. et a/.. PNAS 80:4045(1983). and for in situ detection 
of target DNAs. as in Langer-Safer, ef. a/., PNAS. 79:4381 (1 982). 

The enzymatic incorporation of biotin into DMA is well documented; incorporation of a biotinylated 
nucleoside triphosphate can be accomplished by nick translation procedures, as discussed in Langer, et 
aL PNAS 78:6633(1981), or by terminal addition with terminal deoxynucledtide transferase . as described 
by Brakel.e?. a/., in Kingsbury, et al.(Eds.). Rapid Detection and Identification of Infectious Agents. 
Academic Press, New York, pgs. 235-243(1985) and in Riley v Vf. a/., DNA, 5:333(1986). Biotin labels have 
also been introduced into DNA using a photochemical method. See, fbr example, Forster, ef. a/., Nuc. Ac. 
Res.. 13:745(1985). 

Several groups have concentrated on the development of methods for the attachment of a single biotin 
at the 5'-end of an oligonucleotide, either via a phosphoramidate, as in Chollet, ef. a/,, Nuc. Ac. Res., 
13:1529(1985) and in Wachter, et a/., Nuc. Ac. Res.. 14:7985(1986), or a phosphodiester linkage. 
Regarding the latter, see Kempe, et a/., Nuc. Ac. Res , 13:45(1985); Agrawal. et aL, Nuc. Ac. Res., 
14:6227(1986); and Chu, et a/. DNA, 4:327(1985). Although these methods can be used to provide 
oligonucleotide probes, only one biotin group per oligomer is introduced by these methods. 

In order to increase the sensitivity of biotinylated oligonucleotide probes, efforts have been directed to 
the introduction of several biotins in such a way that the hybridization of the oligomer is not impaired. This 
has been accomplished by enzymatic methods, using terminal transferase, as in Riley, ef. a/., supra, or 
Klenow fragment, as in Murasugi, ef. a/.. DNA, 3:269(1 984). Also, chemical procedures for the introduction 
of multiple biotins on sidearms attached to internal nucleotides of a probe have been described in a 
preliminary report by Bryan, ef. a/.. DNA, 3:1 24(1 984). 

SUMMARY OF THE INVENTION 

The present invention provides end labeled, particularly end biotinylated. nucleotides which are useful 
as components of nucleic acid hybridization assays. Particularly, the novel compounds described enhance 
the signal generating output of polynucleotide, and deoxypoly nucleotide probes whereby the assays utilizing 
such probes are made more sensitive. 

Accordingly, the principal aspect of the present invention provides a novel compound comprising an 
oligo- or polynucleotide having at least one biotin or other nonradioactive detection moiety directly or 
indirectly attached to each of the 5' and 3 end nucleotides or end nucleotide regions thereof and a nucleic 
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acid hybridization assay system and method which include and use the novel compound. 

In one aspect, at least one of the biotins is attached through a linkage group that does not interfere with 
hybridization. In another aspect, at least one of the end nucleotides is attached to a polybiotinylated 
polymer. In still another aspect of the invention, the novel oligomer is synthesized from nucleotide 
5 phosphoramidates having a functional group attached to the 5-position of the pyrimidine ring. The nucleic 
acid hybridization assay composition comprising an oligd- or polynucleotide of the invention can further 
include additional reagents.. 

10 BRIEF DESCRIPTION OF DRAWINGS 



Fig. 1 is a flow chart illustrating the synthesis of 5'-dimethoxytrityl-5(3-trifiuoroacetylaminopropenyl)- 
2'-deoxyuridine-3-N,N-diisopropyl methoxy phosphoramidite(compound 5) which is described under 
is Biotinytated Nucleotide Synthesis, below. 

Ftg 2 is a sensitivity curve showing the signal output obtained after hybridization- detection in 
microtiter plates with oligomers labelled with biotin at various positions in the nucleotide sequence. Results 
are shown for oligomers 12 (•), 9 (0).8 (■), and 10 (□). 

Fig 3 depicts the stability of biotih^lated bligomer-target DNA hybrids to washing with various 
20 concentrations of SSC. Results are shown fbr oligomers 9 (•). 12 (O), and 14 (■). 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Sample fluids on which tests are performed include biological, physiological, industrial, SrWironmental, 
and other types of liquids, 1 ! ^pSf ^«i^te^^^lSiof*r*_ _ jK^^WbKigical, " flukM well as serum, plasma, urine, 
cerebrospinal fluid, saliva, milk r t>rom and bther Clitjlir^ itie(cJia and supernatant as well as fractions of any 
of .them. Physiological, fluids of interest jncl^ solutions, buffers, preservative or antimicrobial 

30 solutions and the like. Industrial liquids infciude fermentation media and "other processing liquids used, for 
example, in the manufacture of ph^marjeytipafs; dairy prpducts and malt beverages. Other sources of 
sample fluid which are tested by conye!^ this term as used and can be 

assayed in accordance with ^ jhvenfloh; ; * — v - 

The term "analyte* refers to any su^ substances, whose presence is to be 

35 qualitatively or quantitatively determined in a sampie fluid. The present assay can be applied to the 
detection of anajytes for which there is a specific binding partner and, conversely, to the detection of the 
capacity of an analyte medium to birid an ;ary|fjitf; (iisOally 'dub tb' : Cr>d'0i^senc9 «l a binding partner for the 
analyte' in the sample). The analyte usu^ly is an oligo- of polynucleotide, for Which a specific binding 
partner exists or pan .be provided, the -aoalyt^ in 'functional teriTis.ls ; u?uajty' selected from an RNA or DNA 

40 for which a compl^ . 

The term "a^ajyt^spec^^^ of recognizing a 

particular .spatiaj Unri- .f^^ ejpitdpic site, or a particular informational 

sequence.; such .as* V- nucleic ad<i^^u«gnce. ^.ptpierenc? ''to '. other. . substanpes. In the majority of 
embodiments the' 'a*^lVte4?P^cJf>^. *»^«^tyT^iC b®., 4 " sp^pific^fcindino assay reagent, such as a nucleic acid 

45 hybridization assay probe! Anaty^ assa y 
oligonucleotide probes, such as those specific for disease-causing organisms, e.g . N. gonorrhoeae or 
human papillbrha virus, of polynucleotide gene sequences wti^ are indicative of genetic disorders, e.g.. 
Tay-Sachs' or retinoblastoma. 

The analyte-specific moiety can be attached either directly or through a non-interfering linkage group 

so with other moieties such as biotin or biotin analogues. When attached directly, such attachment can be 
either covalent or noncovalent. When it is-attached through a non-interfering linkage group, this non- 
interfering linkage group is one which does not substantially interfere with the characteristic ability of the 
analyte-specific moiety to bind with an analyte.. Further, such linkage groups are characterized in that they 
do not substantially interfere with the energy emission or other characteristics of a moiety to which they are 

55 attached. The linkage group can be uncharged or can include one or more charged functionalities. Linkage 
of the analyte-specific moiety with other moieties can alsb be accomplished through polymeric compounds. 
Such compounds will usually display the non-interfering characteristics of the linkage group described 
above. 
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Detection of the analyte specific moiety when attached to the analyte can be accomplished by a variety 
of means employing detectable molecules. Detectable molecules refer to enzymes, fluorochromes, 
chromogens and the like which can be coupled to the analyte specific moiety either directly or indirectly. As 
an example, biotin attached to the analyte specific moiety can be detected with a preformed detectable 

5 molecule comprising avidin or streptavidin and a biotihylated enzyme. The enzyme of the resultant complex 
formed between the detectable molecule and the analyte specific moiety can thus serve as the signal 
reporting moiety of the assay composition. 

The following examples illustrate but are not a limitation of the present invention. 

In order to study the efficacy of biotih-labeled oligomer probes as a function "of the position and the 

io number of biotin residues, a series of oligomers containing biotin-11-d(JMP at various positions were 
synthesized and compared in hybridization/detection studies to oligomers prepared by enzymatic terminal 
labeling with biotin-11-dUTP and terminal deoxynucleotide transferase. A deoxyuridine phosphoramidite 
containing a protected allylamino sidearm was synthesized and used to prepare oligonucleotides with 
allylamino residues at various positions within a 17-base oligonucleotide sequence. Biotin substituents were 

75 subsequently attached to the allylamino sidearms by reaction with N-biotinyl-6-aminocaproic acid N- 
hydroxysuccinimide ester. These oligomers were hybridized to target DNA immobilized on micrptiter wells 
(EL1SA plates), and were detected with a streptavidin-biotinylated horseradish peroxidase complex using 
hydrogen peroxide as substrate and p-phenylenediamihe as chromogen. Using this quantitative, colorimetric 
hybridization/detection procedure, it was found that oligonucleotides containing biotin labels near or at the 

20 ends of the hybridizing sequence were more effective probes than oligomers containing internal biotin 
labels. An additive effect of increasing numbers of biotin-dUMP residues was found in some labeling 
configurations. The examples provided below detail the experiments and report the results which have been 
provided in this; paragraph. 

Unless otherwise stated, chemical reagents were purchased from Aldrich Co. and were used without 

25 further purification. Thin layer chromatography was performed using silica gel 60 F 254 plates (Merely and 
silica flash column chromatography was performed using silica gel grade 60 (Merck). Methylene chloride 
was dried by distillation over anhydrous potassium carbonate, and N,N-diisopropytethylamine was purified 
by distillation. N-biotinyl-6-aminocaproic acid-N-hydroxysuccinimide ester (Enzotin©) was supplied by Enzo 
Biochem., Inc. 'H nmr spectra were performed on a Nicolet QE 300 instrument, and 31 P spectra were run 

30 on a JEOL GX-400 spectrometer. v 

Detek© 1-/>rp , terminal deoxynucleotide. transferase, and biotin-11-dUTP were from Enzo Biochem., 
Inc. o-Phenylenediamine dihydrochloride. (0PP), bovine serum albumin (30% sterile solution), H2Q2, and 
Triton X- 100 were purchased from Sigma. Immulon® 2 micrptiter (ELISA) plates were purchased from 
Dynatech. Dextran sulfate was obtained from Pharmacia and fbrmamide was from Fluka. Single-stranded 

35 bacteriophage target DNA was prepared by standard procedures, see Mariiatis. et a/., Molecular Cloning, A 
Laboratory Manual, (1982) and Kadonaga, et a/., Nuc. Ac. Res. 13: 1733-1745 (1985), from supernatants of 
E. coli JM103 infected with a recbrnbinant of M13 mpi 8 bacteriophage (the recombinant DNA contained an 
unrelated 2.5 kilobase insert in the Eco Rl site). Control single-stranded target DNA was prepared from wild 
type (no lac sequences or poly linker sequences) Ml 3nhfected cell supernatants. 

40 . The buffers used in various steps ; of the hybndizatiori/detection assays described below were: 1) SSC: 
20X SSC is 3 M NaCI, 0.3 M sodium citrate; 2) SSPE: ipX SSPE is 3.6 M NaCI, 0.2 M sodium phosphate 
buffer pH 7 A, and 0.02 M ethyjenediamine tetraacelic aqid (EDTA); 3) Citrate phosphate buffer, pH 6.0: 0.05 
M citric acid and.O.i M Na 2 HP0 4 adjusted to pH 6.0;. and 4) PBS: 1 0X PBS is 1.5 M NaCI, 0.1 M sodium 
phosphate buffer pH 7.2 t 0.2. 

Biotinylated Nucleotide Synthesis 

50 ... ............... ......... 

i.) Synthesis of Protected AllyaminoHdep^uridine Phosphoramidite 

Trifluoroacetyl AHylamide (2). 
55 ' 

Trifluoroacetic anhydride (56ml f 397 mmol) is added dropwise with stirring to a 0*C solution of 
allylamine (40.5 g, 60 ml, 800 mmol) over a period of 1 .5 nr. The viscous red solution is stored at room 
temperature overnight, and then partitioned between ethyl acetate and aqueous sodium bicarbonate (500 ml 
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of each). The ethyl acetate layer is washed with aqueous sodium bicarbonate (2 x 500 ml) and water (2 x 
500 ml), and dried overnight over anhydrous sodium sulphate. After filtration, the solution is evaporated to 
dryness and distilled in vacuo . Redistillation gives Compound 2 (Fig. 1) as a colorless oil. Yield: 45.2 g 
(37%). Bp 109*C/10 Cm. nmr (CDCI3) d 6.58, br s, 1 NH. 5.86, m,1, CH, 5.3. m, 2, CH 2 . 4.0. t, 2, CH 2 N. 



Elemental Analysis for CsHsFsNO 



Calc: 


C 


3922. 


H 


3.95, 


F 


37.23. 


N. 


Found: ^ 


C 


39.00. 


H 


4.18, 


F 


37.50. 


N 



5 (3-Triflu oroacetylaminopropenyl)-2'-Deoxyuridihe (3). 

,S X' nriSMtirf ' of ^1orom'eVcuri-2 ; ^eijxyuriaine' ! (1 ) (12.6 g, 27.2 mmol) in sodium acetate buffer (0.1 
N, pH 5) is treated with' trifludrbacetyl allylam'ide (2)( 26 g.175 mmol) followed by a solution of potassium 
teWhloropalladate : (8.98' g, 27.5 mmol); in water (160 ml). The mixture is stirred at room temperature for 18 
hr and then filtered through .celite to remove the black precipitate of mercury and palladium. The filtrate is 
treated with sodium borohydride (3 x 100 mg) with stirring and' again filtered through celite. The filtrate is 

2i> evaporated to approximately 300 ml. and extracted with ethyl acetate (6 x 200 ml). The combined ethyl 
acetate layers are evaporated to dryness and diyided into two portions. Each portion is purified by flash 
column chromatography on silica gel (250 g) using i ethyl acetate as solvent, and fractions 95-180 (20 ml 
fractions) from each column are combined and evaporated to dryness to give Compound(3) as a white 
crystalline mass 3 8 g (37%). Recrystallization of a sample from ethyl acetate/hexane gives analytically 

25 pure Compound 3 as white crystals. mp 1^18^'6: nmr (Me a SC5=<l6) d 11.5. s. 1. NH; 9.7. tj. NH; 8.1. s. 
1 C 6 H; 6.4. m, l"CH = ; 6i.:m.'2..CVH. cri=: S&U'l.da* OH; 5.1. 1. 1. C 5 'OH; 4.3. m. 1. CH; 3.8-3.9. m. 
3* CH. CH 2 N; 3.6. m, 2. CH 2 ; 2.1 . m. 2, Cz'H. uv (H 2 6j max 241 nm. e 7080; 294 nm. e 6830. 
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5'-Dimethoxytrity 1-5(3-^ 

m , • j. t 

A solution of Compound 3 (570 mg. 1.52 mmol) in anhydrous pyridine (5 ml) was treated with 4.4- 
dimethoxytrityl chloride (617 mg. 1.82 mmol) overnight at room temperature. Since thin layer chromatog- 
raphy (TLC: silica.^ methylene^ indicated that starting material was still present, 
additional dimethoxytrityl chloride (254 mg) was added, arid the solution was stored at room temperature for 
3 hr Methanol (1 ml) was added and 'the solution was evaporated to dryness and pumped in vacuo 
overnight. The yellow foam was partitioned between methylene chloride and water (70 ml of each) and the 
methylene chloride layer was washed with' water (2. x 70 ml) :ahd dried over sodium sulphate overnight The 
solution was filtered and 'tfi^' filtrate ' *^' : 'evapoVaif^- 16 "diVn^sd ' ainil purified by flash column chromatog- 
raphy on silica (150 gi using' methylene' chlonde:methan6l (25:1) as solvent. Tubes 34-50 (20 ml fractions) 
contained TLC "pure material, and were . wmbined and evaporated to dryness. The residue was coevaporated 
with dry benzene \2 x 5 ml) arid dried overnight in vacUo 'to give Compound 4 (Figure D..593 mg (57%) as 
a white amorphous solid? nmr (CDCI3) d7:90Vs. 1; CjH; 7.3-7.5. m; 9. aromatics; 6.89. d. 4. aromatics; 6.44. 
m. 2. C,'H. CH = ; 5.32. d. 2. CH = ; 4.65. s, 1, CH; 4.14. s. 2, CH 2 N; 3.83. s, 6. OCH 3 ; 3.7. m.1. CH; 3.54. 
m, 2. Cs'H; 2.42, m, 2. CH 2 . 



50 
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5^Dimethoxytrityl-5(3-Trifluoroacetylami^ 
Phosphoramidite (5). 

A solution of Compound 4 (340 mg. 0.5 mmol) in dry methylene chloride (4 ml) in a septum sealed 
flask was treated wiifc^ !4^^rdpyk^Jamine (0.286 r mk« \£, mmol); followed chlorortf.N- , 
diisopropylaminomethoxyphosphine (0.145 ml. 0.75 mmol) both reagents being added via syringe. The 
solution was stored at room temperature for 20 min.. and partitioned between water and ethyl acetate (25 ml 
of each). The ethyl acetate layer was washed with aqueous sodium bicarbonate (1 x 25 ml), water (1 x 25 
ml) and dried over anhydrous magnesium sulphate overnight. The solid was filtered off and the filtrate was 
evaporated to dryness, coevaporated with dry benzene (2 x 5 ml), and dried in vacuo overnight The 
residue was precipitated by dissolution in dry benzene (2 : 5 ml) and addition to a vigorously stirred 0 C 
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» 



solution of dry hexane. The precipitate was collected by filtration, washed with cold hexane <6 x 20 ml), and 
dried in vacuo overnight to give Compound 5 (Figure 1) as a white amorphous solid, 311 mg (74%). 
nmr (CDCI 3 ) d 149.44, 148.91, impurity at d 8.37. tic (ChfeCk/MeOH, 20:1)RF 0.4 ? impurity at Rf 0.2. 

5 .... v. ...... 

ii.) Oligonucleotide Synthesis 

Oligonucleotides were synthesized by the phosphoramidite method on an Applied Biosystems Co. 
instrument, model 380 B, using methyl phosphoramidites and reagents as supplied by the manufacturer. 

70 Both 0.2 umol and 1 umol synthesis cycles were employed. The modified phosphoramidite (Compound 5) 
was dissolved in dry acetonitrile and filtered through a glass wool plug immediately before loading onto the 
machine. Phosphoramidite additions were monitored by release of trityl cation, and the modified Compound 
5 was incorporated to the same extent as the unmodified phosphoramidites. The nucleotide sequence of the 
oligonucleotides synthesized as reported here is set forth in Example jl , ; Table 1 . below. After completion of 

75 the synthesis, the oligomers were deprotected by treatment with ammonia at 55 * C overnight, which also 
served to cleave the trifluoroacetyl groups, to produce oligonucleotides with allylamino sidearms at the 
selected positions. ...... 

20 iii.) Biotinylation of Oligonucleotides 

Crude oligonucleotides , prepared as described above, were initially purified by passage through a 
Sephadex G 25 column (1 x 16 cm) using 20 mM tri^thylammonium bicarbonate pH 7 (TEAB) as the eluting 
buffer. Fractions 4-6 (1 ml fractions) were collected, evaporated to dryness, dissolved in water, and assayed 

25 by uv spectroscopy. An aliquot (20 OD 2 so units) in water (100 til) of each of the purified oligonucleotides 
was combined with 0.1 M sodium borate (600 ul) followed by addition of dimethylsulfoxide (150 ul); The 
resulting solution was combined with a freshly prepared solution of N-biotinyl-6:aminocaproic acid-N- 
hydroxysuccinimide ester (5 mg) in dimethylsulfoxide (125 ul), and the resulting reaction mixture was 
incubated at room temperature overnight. Then, the resultant reaction mixture was divided into two portions 

30 and each was purified by passage through a. Sephadex G 25 column (1 x 16 cm) equilibrated with 20 mM 
TEAB. With respect to each oligonucleotide, fractions 4-6 (1 ml fractions) from each of the two columns run 
in parallel were combined and evaporated to give the crude biotinylated oligomer, which was then purified 
by gel electrophoresis as described below. 

35 ... ".' . ....... . I....;". • , ' . 

iv.) Purification of Biotinylated Oligomers by Gel Electrophoresis 

The biotinylated oligomers , prepared as. described above, were further purified by 20% polyacrylamide 
gel electrophoresis(containing acrylamidetbisacrylamide, 40:1, and J M urea) on 0.4 mm thick gels. 

40 Thereafter, 20 OCfeeo units of each biotinylated oligonucleotide were dissolved in 100 ul of a solution 
containing 0.09 M Tris base, 0.09 M boric acid, 0^5 M EDTA (1X TBE), 40% formamide and 0.25% 
bromophenol blue. Each oligonucleotide solution was applied to twenty 8 mm wells, and electrophoresed at 
30 milliamps jn IX TBE buffer for 3-4 hrs. The bands were visualized with a short wave uv lamp, using a 
sheet of silica gel 60 F 254 (Merck) as background. The product band, which was the most slowly migrating 

45 band, was cut out and immersed in 100 mM Tris base, 0.5, M NaCI, 5 mM EDTA, pH 8, for 18 hrs at 60* C. 
This solution was decanted and desalted using a Sep-Pak. cartridge (Miilipore). The solution was loaded 
onto the cartridge, washed with water (20 ml) to remove salts, and the oligomer was eluted with 
methanol/water,l:1 (3 ml). After evaporation to dryness, the residue was applied to a Sephadex G 25 
column (1x16 cm) using 20 mM TEAB as the eluting buffer. The fractions containing oligonucleotide were 

50 combined, evaporated to dryness, and dissolved in water (1 ml) to provide a stock solution suitable for use 
in the hybrid&atipn experiments reported. belo.wr. ;.; ^ % 

v) Preparation of Terminal Biotin-Labeled Oligomer Probes 

55 ■ . - , • • 

The unmodified oligomer prepared for this study was terminal labeled using terminal deoxynucleotide 
transferase in reactions containing 0.2 M potassium cacodyiate buffer pH 7.2, 1 mM C0CI2, terminal 
transferase (20 units/ug of oligomer), oligomer (at 20 ug/ml) and biotin-11-dUTP at a concentration giving a 
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ratio of nucleotide to oligomer varying from 5:1 to 50:1. In some cases, 3 H-TTP was added to monitor the 
incorporation of biotin-11-dUTP. Brakel, et a/, in Kingsbury. D. T. and Falkow. S. (Eds.). Rapid Detection 
and Identification of Infectious Agents, Academic Press, New York. pp. 235-243 (1985). In other cases, TTP 
was added to the reactions in order to separate, or alternate with, the biotin-1 1-dUTP in the terminal 
addition. Reactions were allowed to proceed for 90 minutes at 37* C and were terminated by the addition of 
EDTA to a concentration of 25 mM. The terminal labeled oligomers were used in the hybridization/detection 
experiments reported below without further purification. 



Hybridization-Detection Assay Procedures 



The fixation of target nucleic acids to Immulon® 2 microtiter plates was accomplished by a modification 
of procedures described by Nagata, et. aL, FEBS Letters 183; 379-382 (1985). The procedure used was as 

75 follows. The plates Were first rinsed with 1 M ammonium acetate and the target DNAs were added to the 
wells at an appropriate- concentration in a volume of 50 til of 1 M ammonium acetate. Single stranded target 
DNAs were loaded into wells without prior treatment other than dilution into 1 M ammonium acetate. The 
loaded plates were allowed to incubate for 1.5-2 hrs at 37* C in order to fix the target DNAs to the plate. 
The plates were either used immediately after preparation or were stored at 4 # C prior to use for 

20 hybridization experiments. Just prior to hybridization, the plates were rinsed twice with 2X SSC and once 
with 2X SSC containing 1%(v/v) Triton X-1 00. 

Hybridizations were carried out at room temperature using 100 ul of solutions containing 30% (v/v) 
formamide, 2X or 4X SSPE. i% (v/v) Triton X-100, 5% (w/v) dextran sulfate, and probe DNA. The 
oligonucleotide probes were used at a final concentration of 100 ng/ml. The hybridizations were allowed to 

25 ' proceed for 30 to 90 minutes. - - " - ^ 

Following the hybridization incubation, the plates were emptied by inversion and washed, usually with 
012X SSC containing 0;i% tritoh X-i00VW€&tiirig consisted bf filling the weils of the plates with 200ul of 
solution followed by inversion of the plate- after gentle shaking for 5-10 Secbhds (or longer, up to one to two 
minutes, if several plates were processed at one time). In sonie cases washes were performed with buffers 

30 that were heated to -37-42 # G, to provide conditions of sufficient stringency to perform hybrid melting 
experiments. Following 4 tb 5 washes, the ttotin in the hybridized probe was detected as follows. 

The hybridized, bibtinylated probe DNAs Detek<5>1-firp complex of 
streptavidin and bibtinylated horseradish peroxidase as follows: the cdmplex was diluted into 1X PBS, 0.5 
M NaCI, 0.1% BSA, 0.1% Triton X-1 00. 5 mM EDTA (complex tfifutibri buffer) and added to the wells of the 

35 plate(50ul per well). The complex was incubated in the wells for 30 minutes at room temperature, unless 
otherwise noted. The plates were then washed twice with complex dilution buffer and three times with 1X 
PBS containing 5 mM EDTA. The horseradish peroxidase in the bdurid detection bornplex was reacted (20- 
30 minutes at room temperature) in the dark with reaction mixture (150 ul per well) containing H 2 0 2 ■ 
(0:0125%) and OPD : (1 .6 itig/mt) in citrate/phosplfete biifterr pff 6.0. Color development was terminated by 

40 addition of 4 N H 2 SO4(50ul per well}. Optical derisity^ measurement^^ 490 nm} were made within 5 to 10 
minutes of termination of the teactibns usin model NJ 2000. Wells that had 

received only 1 >4 ajfimorffitim acetate during; the DNA fixation procedure, but which had been exposed to 
probe, detection complex; and peroxidase Reaction m^ as zero (blank) controls for the 

absorbanbe readings. 1 All hybridizations were performed in duplicate to- quadruplicate for the various 

45 determinations. Absorba^ non-complementary target DNA 

(wild type bacteriophage bN A) ranged frdrti 0.010 to 0.050 and were- subtracted from the absorbance 
- readings reported for hybridization to complemehtary target and variations of these 

procedures are describedln the individual experiments re^ 

so '• " ' : :,: '•' ' * ' ' " '""* '' " ' "'. 

Example 1 ; " 



The heptadecanucleotide (17 base) sequence complementary to bases 6204 to 6220 (part of the E. coli 
55 lac gene) of bacteriophage M13mp series DNA was selected for modification. This sequence and the 
various biotin-labeled oligonucleotides that were synthesized along with the results of the 
hybridization/detection experiments are shown in Table 1 as follows. 
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By the oligonucleotide synthesis procedure previously described, single biotin substitutions were 
introduced at internal sites (oligomers 6 and 7), and close to the 3'-terminus (oligomer 8). An octadecamer 
containing the basic sequence with an addition of a single biotinylated nucleotide at the 5-terminus was 
also synthesized (oligomer 9). The 5'-terminal base of this oligomer cannot hybridize to the target M13 DNA 
due to non-complementarity, and therefore acts as a small tail. Oligomers containing two biotins per 
sequence were also synthesized, such as 10; which contains two biotins at internal sites; and* 11 which 
contains one biotin close to the terminus, and one at an internal site. Oligomer 1 2 possesses biotiris close 
to the termini of the molecule, and oligomer 13 is a dodecamer in which the basic sequence was extended 
by the addition of three nucleotides (two biotinylated residues arid one terminal thymidine residue) at the 3'- 
terminus. Since the polymer-supported method of synthesis requires a 3'-terminal base of the desired 
sequence that is already attached to the solid support, and since the modified trifluoroacetylaminopropenyl 
nucleotide attached to the solid support was not available, a thymidine residue at the 3 -terminal position 
was used. One oligomer containing three biotin groups (oligomer 14) "was also synthesized. Finally, the 
unmodified oligomer was synthesized and waf labeled by terminal addition of biotin-tl-dUTP using terminal 
deoxynucleotide transferase to give oligomer 15, containing 3 to 4 biotin-dUMP residues per molecule 
(calculated labeling of 3.3 nucleotides per oligomer). : > 

Because the assay procedures used in this study were substantially different from those used for 
hybridization of labeled oligomers to membrane-bound target DNA. some of the differences in slopes of the 
hybridization-detection curves could have resulted from differences in the stabilities of the hybrids and not 
from differences in the accessibility of the biotin label; to detection. To eliminate this possibility, standard 
membrane-bound target DNA techniques, as shown in Wallace, et al, Nucleic Acids Res. 6: 3543-3557 
(1979). we initially used to assess the hybridization sensitivity of several of the oligomers after~ 32 P labeling 
with polynucleotide kinase and ^P-ATP. Oligomers 67,10.12. and 14 (Table 1) were labeled and then 
hybridized tfx decreasing amounts, of MlS^olffJsing^stranded) DN^ fixf d on.nitrocelluJose Otters, Under 
conditions of moderate stringency, the radiolabeled oligomers hybridized with equal sensitivity to the 
membrane-bound target DNA. These results indicated that, when detection was based on radioactivity, the 
biotin labels had no effect on the hybridization-sensitivity of the oligomers. 

Microtiter plate hybridization procedures were used with biotinylated DNA probes. The procedures for 
use with oligomeric probes were as described above, tn order to compare the results of 
hybridization/detection obtained with the various oligomer probes, -a standard hybridization sensitivity 
experiment was performed in which a different amount of DNA target is provided in each well. Samples of 
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each oligomeric probe were hybridized to decreasing amounts of target DNA. Following detection of the 
hybridized biotin- labeled oligomers with streptavidin-biotinylated horseradish peroxidase, the slopes of the 
curves of absorbance at 490 nm versus ng of target DNA were calculated by linear regression. The results 
from such standard hybridization sensitivity experiments with oligomers 8, 9, ^0, and 12 are shown in 
5 Figure 2. 

All of the oligomer probes prepared for this study generated signals that were directly proportional to 
the amount of target DNA. The ^correlation coefficients of the curves ranged from 0.995 to 0.999. The results 
of hybridization/detection with the various oligomers differed from each other only in the slopes of the 
curves as determined by linear regression. 

ro The results of the hybridization/detection sensitivity experiments for the chemically synthesized 
oligomers and one enzymatically labeled oligomer were summarized in Table t , supra. The slopes of the 
hybridization detection curves were normalized to the slope of the curve obtained with oligomer 9 (the 
actual slope for oligomer 9 ranged from 0.005 - 0.010 A490 units/ng of target bacteriophage DNA in various 
determinations); The values shown are the averages of values obtained in at least three determinations for 

rs each oligomer. A comparison of the oligomers containing a single biotin-modifiQd nucleotide (6. 7, 8, and 9) 
showed that as the biotin-labeled nucleotide was moved from the center of the hybridizing region of the 
oligomer probe to near the terminus of the molecule, the signal strength (A490/ng of target DNA) increased. 
There was a six-fold difference between the slopes of the curves generated by oligomer 6 (biotin in the 
center of the molecule) and oligomer 8 (biotin ;1pcated on the penultimate nucleotide of the hybridizing 

20 sequence). This trend was also observed for the oligomers containing two biotin-modified nucleotides (10, 
11, 12, and 13). The weakest signal was generated by th<§ oligomer containing two internal biotins (oligomer 
10) "and the~strongest signal was generated by the oligomer containing biotins on the 3 - and 5 - 
penultimate nucleotides (oligomer 12). The signal from the two biotin-dUMP molecules in oligomer 12 was 
about double that of the single biolin-dUMP in oligomer 8 (r^ative signals of 1.25 and 0.68, respectively), 

25 demonstrating that biotin molecules located hear the termini of the hybridizing region produce additive 
signals. The addition of a third, centrally located "bidtin-dUMP (oligomer 14) did not increase the signal 
strength but, rather, the signal generated by this oligomer was either the same as or, on the average, 
slightly less than that generated by the doubly-labeled oligomer 1^ 

........ . Example 2 ; 



The experiments described here were . performed to determine whether the stringency of the washes 
35 following hybridization were affecting the results of the hybridization/detection. The effect of increasing the 
stringency of the hybridization washes is, shown in Figure 3 for oligomers 9, 12, and 14, and the results of 
this hybrid stability experiment are summarized for al| of the chemically synthesized oligomers in Table 2. 

.. ...... . . r :. \. - ~ .. . 7*(®.£: tf. -I V.' w C ■ - " " • . U . 
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. These results show that all of the probertarget DNA hybrids were stable (90-100% of maximum signal) 
to washing in 0.1 X SSC at 37-42* C but did have demonstrably different stabilities when conditions were 
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changed. The least stable were those in which the hybridizing sequence of the oligomer contained internal 
and relatively closely-spaced biotins. The oligomer forming the least stable hybrid was oligomer 14, while 
the most stable and superior hybrids were formed by oligomers 8 and 9. Thus, oligomers containing biotin 
substituted nucleotides at the 3' and/or 5' ends were found to have superior stability compared to those 
s with internal substitutions. ... • • • r 



Example 3 

10 ■ ■• ■ 

Because the oligomer prepared by enzymatic terminal addition of biotin^11-dUTP (oligomer 15) 
generated the strongest signal the decision was made to examine the effect of tail length, numbers of 
biotins, and biotin spacing on hybridization/detection using other preparations of enzyme-labeled oligomer, 
as shown in Table 3. 

, . • .; . Table 3 
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Oligomers with terminal extensions were prepared chemically or by addition of biotin-11-dUTP with 
terminal transferase. Oligomers A-E were prepared with only biotin-11-dUTP in the reaction mixtures and F-l 
were prepared with different mixtures of biotin-11-dUTP and TTP. The ratio of biotin- 11 -dUTP to TTP is 
indicated by the values in the brackets. The lengths of the terminal additions were determined by 

-?o monitoring 3H-TTP incorporation and the number ut biotin-dUMP molecules per addition were calculated. 
The oligomers were hybridized and detected following either a 30 min. or a 3 hour incubation with detection 
complex as described within. The results were calculated and normalized to the results for oligomer 9 for 
each detection complex incubation time. 

Results obtained in standard assays (30 minute incubation with detection complex, Table 3) with 

45 oligomers labeled to different extents with only biotin-11-dUTP (preparations A-E) showed that the signal 
strength of the probe was directly related to the number of biptin-11-dUMP residues in the terminal addition. 
The signal strength increased regularly over the range of the terminal additions generated by this labeling 
method but the effect of each additional biotin-11-dUMP residue decreased as the number of biotin-dUMP 
residues was increased from about 4-8 to 12 and 17. The signal per biotin values decreased from close to 

so unity for 9,13, A, and B ( = 15) to values of 0.6 .and: 0.4 for preparations D and E. respectively. When 
oligomers that were labeled"with .different ratios of biotia-11-dUTR; to TTPJn the terminal tran#era§e 
reactions (preparations F-l, 30 minute incubation, Table 3). were compared, a similar trend in signal per 
biotin values was observed. As the number of biotin-dUMP residues increased, the signal strength 
increased, but the signal per biotin values decreased. . Because we expected that the increased signal 

55 strength of the terminal labeled preparations was in part a function of the kinetics of binding of the detection 
complex, we compared these results with those obtained after extended (3 hour) incubations with detection 
complex. When the detection complex was allowed to bind for 3 hours, preparations E and F generated 
signals (slopes) only 3.6-3.7 times greater than that of oligomer 9 rather than 8-8.7 times greater, 
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suggesting that at equilibrium, 3-4 times as many detection complexes bind to the 17-18 biotin-dUMP 
residues available on these terminally labeled oligomers than bind to the single biotin-dUMP residue on 
oligomer 9. A suprising result of these kinetic studies was that the signals generated by some preparations 
co-labeledwith TTP (H and I) 'were reduced relative to oligomer 9. being only 1.2 and 0.95 times the signal 
s of oligomer 9, rather than 3* and 2.4 times, respectively. These results suggest that the availability of the 
biotin residues decreased with time in terminal extensions containing primarily TMP rather than primarily 
biotin-dUMP. 

The most effective site for introduction of biotin labels was outside the hybridizing sequence, i.e., as 
"tails" extending from either the 5' or the 3' termini. The chemically synthesized oligonucleotide probes 

70 were compared to probes prepared by terminal labeling with terminal transferase (2 t 3), and the results of 
these comparisons substantiate the conclusion that external biotin-dUMP residues are the most readily 
detectable. Although some of the signaling differences among the "tailed" oligomers were shown to result 
from favorable kinetics of binding of detection complex, the differences were not entirely eliminated by 
allowing the binding of detection complex to. approach equilibrium. As the binding of detection complex 

75 approached equilibrium, the biotin-dUMP residues in the terminal extensions signaled more like internal 
biotin-dUMP residues. Nevertheless, the terminally labeled oligonucleotides were still more sensitive probes 
than those labeled internally with one to three biotin-dUMP's. Attempts to separate the terminal biotin-dUMP 
residues by co-labeling with TTP did not appear to generate a more favorable labeling configuration. It is 
possible that the structure ^ biolin residues are less 

20 accessible than in the terminal extensions containing solely or primarily biotin-dUMP. Although the 
enzymatically labeled oligomers, in. this study produced the strongest signals, recently we have found that 
multiple, synthetic labeling at the 3-or the s'-termini by the procedures described can duplicate the 
enzymatic labelings.. Thus, multipre* labelifigs at both' the 3' and the 5' teTmihi of oligonucleotides generate 
synthetic probes that are more sensitive than those labeled with single biotins at the 3 and 5 termini. 

; ■ Example 4- " r _ " ■ 



A polymeric compound, such as dextranr, is first polybiotinylated and then used as a non-interfering 
linkage group. Such a compound is aftacheoyio a ihybricfizetf probe via avidih or streptavidin. Thereafter, 
signal generation is effected with addition " of theDetek® 1-hrp signal generating system. This system 
amplifies the resultant signal 10 to 100 fold compared to direct detection with Detek® l-hrp signal 
generating system applied directly to the biotinyiated probp. ' 



Claims • ■ vl -* < - ■ ■ ■■ : " ; " 

. i . - .•«■•.- i. ........ t 

1. ) An. oiigo- or polynucleotide having at least one bidtth directly or indirectly attached to each of the 5 
40 and 3' end nucleotides thereof: ^V>- v " ; . ^ 5 .'f-j • ^ 

2. >.The oiigo-. or polynucleotide of claim I cbmpnsing at least 2-5 biotins attached to at least one end 

thereof. .. ' •' ?! " s -v- r * T; — ' - V! 

. 3:) The oiigo- or polynucleotide of claim 2 <^mprising 2-5 biotins at each end mereof. 

4. ) The oiigo- or polynucleotide of claim 1 wherein at least one of said biotins is attached to the terminal 
45 nucleotide through a non-interfering linkage group; : * :•■ 

5. ) The oiigo- or polynucleotide Of ciaim4 wherein said biotin attachment comprises biotin-11-dUMP 

6. ) The oiigo- or pdlynuclebtide of claim 1 wherein at least one of said end nucleotides is attached to a 
polybiotinylated polymer/ • ; - ; ' j :;: -v--- ' 1 : - 1 : " : ■ < "' : 

7. ) Trie oiigo- or polynucleotide of clairrf 6 wherein said polybiotinylated polymer is polybiotinylated 
50 dextran. - ••*••'• .>:< ■ " ' ■ • ■ § 

8) An oiigo- or poiyhucleotide haying at feast one biotin -or. modifiable group attached to each of the 5 
and 3' terminal nucleotides external 40 target hybridization regions of said oiigo- or polynucleotide. , . p 

9) A nucleic acid hybridization assay "composition comprising an oiigo- or polynucleotide of any of 
' claims 1-8 and a preformed avidin or streptavidin -detectable molecule complex. 

55 10) The composition of claim 9 wherein the detectable molecule is a fluor, chromogen or enzyme. 

11) The composition of claim 10 wherein the erftyme is selected from peroxidase, alkaline 
phosphatase, acid phosphatase and beta-galactosidase. 
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